Purpose: To investigate optical coherence tomography (OCT) characteristics in diabetic macular edema (DME) over time and after treatment. Patients and methods: OCT morphological features in DME eyes treated with ranibizumab with at least 1 year of follow-up were retrospectively analyzed. Results: Thirty-five eyes were included. From baseline to Month 12, mean visual gain was 7.2±13.6 letters and mean central retinal thickness reduction was 61.9±121.8 µm. Fovea-involving ellipsoid zone (EZ) disruption was significantly associated with final vision of ,70 letters. Subretinal fluid at baseline was present only in eyes naïve to previous intravitreal pharmacotherapy and was related to better visual gain and fewer injections. Treatment-naïve eyes had shorter DME duration and less EZ damage. Conclusion: DME characteristics on OCT may change over time or after treatment. Subretinal fluid may be associated with earlier change and less EZ damage in DME.
Introduction
Since the introduction of optical coherence tomography (OCT), it has become the most frequently used tool in the diagnosis and monitoring of many retinal diseases, including diabetic macular edema (DME). Although central retinal thickness (CRT) has been used to guide DME treatment and has served as the secondary efficacy endpoint in the majority of clinical trials related to DME, increasing evidence suggests that the morphological features of OCT are related to treatment course and response. [1] [2] [3] [4] [5] [6] [7] [8] Furthermore, OCT biomarkers have been considered to be key identifiers in individualized pro re nata treatment regimens. However, patients recruited in clinical trials are typically treatment naïve; therefore, the findings are not fully applicable to real-world clinical practice. The purpose of this study was to investigate whether the characteristics of OCT change over time or with treatment in DME in real-world practice.
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sheu et al and HbA1c 10%. The institutional review board and ethics committee of Kaohsiung Veterans General Hospital approved this study, which adhered to the tenets of the Declaration of Helsinki. Since this research was retrospective, using already existing information, patient's informed consent was not needed. All the patients were recorded with a number code without leakage of any personal information. Eyes with previous vitrectomy were excluded due to possible different drug bioavailability. Patients with ,1 year of follow-up data were excluded. Of note, due to the required three-step reimbursement application with limit of maximum eight injections per eye for ranibizumab, patients were treated mostly on a pro re nata basis, leading to loss of follow-up in many patients who did not obtain the second approval. Data related to demographic characteristics, medical history, date of DME diagnosis, comorbidities, initial and final visual acuity (VA), slit-lamp biomicroscopy, intraocular pressure, fundus photography, fundus fluorescein angiography, CRT and optical characteristics according to OCT, and treatment were analyzed. Morphological features of OCT were identified as cystoid macular edema (CME), diffuse retinal thickening (DRT), subretinal fluid (SRF) and presence of epiretinal membrane involving the fovea. Ellipsoid zone (EZ) integrity was scored in a 3 mm scan into four grades (0-3), with "0" representing intact EZ, "1" representing partial disruption with weak reflectivity band, "2" representing loss at fovea but present elsewhere in the scan and "3" representing severe disruption with loss of signal along the entire scan.
Statistical analysis was performed using SPSS Version 12.0 (SPSS Inc., Chicago, IL, USA). Snellen VA measurements were converted to approximate Early Treatment Diabetic Retinopathy Study letter scores for statistical manipulations according to the methods described previously. 9 Descriptive statistics are expressed as mean with SD. Paired t-test was performed to evaluate the mean changes from baseline to endpoints. If a variable was not with a normal distribution, the Wilcoxon signed-rank test was adopted to compare the variable between two groups. A P-value of ,0.05 was considered statistically significant. To understand the substantive clinical significance, effect size value (d) was calculated according to the methods described previously. 10 The denominator standardized the difference by transforming the absolute difference into SD units. The effect size was classified as small (0.2d,0.5), medium (0.5d,0.8) and large (d$0.8).
Results
A total of 35 eyes of 26 patients, including 6 women and 20 men, were included. Mean age was 60.62±7.28 years. Mean duration of DME was 22.11±23.71 months (range, 1-121). Nine eyes had history of DME-related anti-vascular endothelial growth factor (anti-VEGF) treatment. The interval from previous treatment was at least More eyes with lower baseline VA had significant visual gain at Week 12 (Table 1 ). More eyes with higher baseline VA had final vision of $70 letters, though it was not significant 
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OCT characteristics change over time or after treatment in DMe (Table 2 ). None of the previously treated eyes had final vision of $70 letters. Patients with better response seemed to have fewer injections over 1 year, though the difference was not significant (Table 2) .
Of the different morphological features of OCT at baseline, none were significantly associated with visual gain of ,10 letters or final vision of ,70 letters at Month 12, with the exception of EZ disruption score .1 (fovea involved). Fovea-involving EZ disruption was significantly associated with final visual outcome of ,70 letters at Month 12 (Table 3 ). Compared to previously treated eyes, treatmentnaïve eyes had shorter duration of DME and fewer had fovea-involving EZ disruption (Table 4) . At baseline, SRF was present only in treatment-naïve eyes (Table 4 ). In eyes previously treated with panretinal photocoagulation, the proportion of eyes with SRF was similar to that of eyes with no previous treatment. In eyes with SRF at baseline, SRF disappeared rapidly after intravitreal ranibizumab treatment and recurred after a period of treatment discontinuation. The recurrence of SRF occurred mostly in treatment-naïve eyes. In one eye that was previously treated with intravitreal injection and macular and panretinal photocoagulation, SRF was not present at baseline but appeared during follow-up (Table 5 ). Compared to eyes without SRF, eyes with SRF at baseline were significantly more likely to be treatment naïve and have a shorter duration of DME. Although there was no statistically significant difference in visual gain at Week 12 or Month 12 or in the number of injections over 1 year between eyes with or without SRF at baseline, the 
1890
sheu et al effect size value revealed that eyes with SRF at baseline had higher probability of more visual gain at Week 12 (d=0.69) and Month 12 (d=0.66). Moreover, fewer injections were administered over 12 months in eyes with SRF at baseline compared to those without (d=0.34), as shown in Table 6 . Besides, the effect size analysis showed EZ integrity had more impact on the baseline and final vision, but less impact on visual gain (Table 7) . 
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Discussion
Study results showed a beneficial effect from ranibizumab in DME eyes with or without previous treatment, as well as in eyes with longer DME duration. Overall, mean VA gain was 7.2±13.6 letters and mean CRT reduction was 61.9±121.8 µm after a mean of 4.43±2.05 injections over 12 months. Presence of fovea-involving EZ disruption was significantly associated with final visual outcome of ,70 letters at Month 12. At baseline, SRF was present only in treatment-naïve eyes, which had shorter duration of DME and less fovea-involving EZ damage compared to previously treated eyes. Eyes with SRF at baseline tended to be more likely treatment naïve and have shorter DME duration, more visual gain at Week 12 and Month 12 from baseline, as well as fewer injections over 1 year.
Compared to our previous prospective interventional study conducted at the same hospital, in this study, more patients were undertreated due to resource limitations in real-world practice, resulting in poorer visual outcome. 11 Studies conducted in different regions of the world have similarly reported that DME treatment in real-world settings are less intensive than treatment administered in trial settings. 12, 13 The pathogenesis of DME is complicated and involves not only vascular endothelial growth factor (VEGF) but also inflammatory cytokines and vitreoretinal interface abnormality.
14 Anti-VEGF agents are currently considered as appropriate first-line treatment for center-involved DME; however, certain degrees of macular edema persist even under the treatment protocol of controlled trials. 15 These findings support the hypothesis that in eyes with poor response, underlying mechanisms of pathogenesis other than VEGF may be involved. It is also possible that patients who are anti-VEGF non-responders were included in this study, which may account for the trend of poorer response to treatment in this series.
Accumulation of SRF typically arises from disruption of retinal pigment epithelium tight junctions or its protective function, whereas CME arises from compromised tight junctions in the retinal vasculature and Muller cell disturbances which affect water and potassium channels. 16, 17 Although there is currently no consensus, several morphological features of OCT have been identified as possible biomarkers in DME, including SRF, CME, DRT, disorganization of retinal inner layer, status of vitreomacular interface, hyperreflective foci and changes in the integrity of the inner and outer photoreceptor segment border. [18] [19] [20] [21] [22] In the RESTORE study, eyes with SRF at baseline had greater visual gain at the end of the first study year than those without SRF at baseline, though there was no significant difference in VA at baseline between groups. 7 The protective role of SRF was further confirmed by a post hoc analysis of the RIDE/RISE studies. 23 Results of a post hoc analysis of the RESTORE/RESTORE-extension studies also showed a trend of positive impact from SRF on response to ranibizumab therapy and a negative impact on response to laser therapy. 24 Furthermore, eyes with SRF were reported to have better visual outcome in a study evaluating the effectiveness of vitrectomy for diffuse DME. 25 In a recent observational cohort study on the functional outcome of DME treated by dexamethasone implant, submacular fluid was predictive of better visual outcome. 26 However, a prospective study including 55 eyes with DME found that disruption of photoreceptor integrity at baseline correlated with poorer visual outcome and occurred more frequently in eyes with serous retinal detachment (SRD). The discrepancy may be due to the definition of SRD used in the study, which included eyes with DRT, CME and SRD together. 27 Our results showed that the absence of fovea-involving EZ disruption predicts better final vision, and that the presence of SRF at baseline predicts more VA gain and fewer injections over 1 year. Moreover, changes in OCT parameters were observed in chronic and previously treated cases. As expected, previously treated eyes tended to have longer duration of DME and more fovea-involving EZ disruption. Baseline SRF presented only in treatment-naïve eyes in our series. SRF resolved rapidly after anti-VEGF treatment, but reappeared if treatment was discontinued for a period of time. According to these findings, SRF may be an indicator of earlier stage DME that would respond well to intravitreal anti-VEGF therapy. Improved visual gain may also be related to earlier intervention and possibly attributable to some eyes being good responders to anti-VEGF treatment.
This study was limited by the small sample size and lack of adequate treatment in the majority of the cases. Partial treatment as compared with treatment administered in trial settings, however, better reflects real-world conditions of DME treatment.
Conclusion
Our study showed that the characteristics of DME on OCT may change over time or after treatment. Presence of SRF in eyes with DME may indicate earlier change and lesser degree of EZ damage, and thus, may predict better outcome. 
